Abstract Background -The percentage of patients inhaling their medication effectively varies widely, according to methods of assessment and inhalers used. This study was carried out to assess differences among four types of inhalers using inhalerspecific checklists. Methods -Inhalation technique was evaluated in adult patients with chronic obstructive pulmonary disease (COPD). Inhalers investigated were either metered dose inhalers (MDIs) or the dry powder inhalers Turbohaler (Turbuhaler), Diskhaler, and Rotahaler. Errors were recorded against inhaler-specific checklists. From these, scores were derived by dividing the number of items correctly completed by the total number of items on the checklist and the result was expressed as a percentage. For every inhaler "essential actions" were identified and scores on these key manoeuvres were calculated. The percentage of patients performing all these essential actions correctly was also calculated. Scores were also compared with adjustment for differences in relevant patient characteristics. Results -Important differences among inhalers were found. Of 152 patients with COPD (mean (SD) age 55-1 (8.7) years), those with MDIs performed worst, especially when only essential items were considered. Patients with a Diskhaler did best, although after correction for patient characteristics the differences tended to diminish. Only 60% of patients were able to perform all essential inhaler actions satisfactorily. Of those using the Diskhaler, 96% did so correctly, while the corresponding figure for those using the MDI was only 24%. Inhaled medication plays an important part in the treatment of asthma and chronic obstructive pulmonary disease (COPD). In the Netherlands two types of inhaler are in common use: metered dose inhalers (MDIs) and (in the majority) dry powder inhalers (DPIs). Both have their advantages and disadvantages. MDIs are small, easy to carry, and deliver at least 100 doses, but they require good handlung coordination to achieve the best results.' DPIs, being breath actuated, are unaffected by hand-lung coordination, but patients need an inspiratory flow ofmore than 30 1/minute which might prove difficult to achieve for patients with severe COPD.
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The percentage of patients inhaling their medication effectively varies from 2% to 85% according to the method of assessment and the type of inhaler.2'-A previous survey of inhalation technique in 123 patients with COPD" revealed that one third failed to use their inhaler effectively, and that inhalerspecific design features contributed significantly to the failure rate. The latter finding is confirmed in a number of other reports. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] To our knowledge, no comparable study of inhaler technique has considered such patient variables as age, sex, educational achievement, type of health care insurance, duration of disease, previous experience with the inhaler, or instruction in inhalation technique, all ofwhich may influence the efficacy of treatment. In two studies an attempt was made to obviate these difficulties by means of a crossover design, but in both the patient sample was small (32 and 36 subjects) and the duration of follow up limited one and two months, respectively."3 '5 This paper assesses differences among four different inhalation devices in relation to patient characteristics in a large sample of patients who have been using medication for a long time.
Methods
All patients with COPD aged between 18 and 65 years who attended the pulmonary outpatient department between February and June 1994 were included in the study. Those who had used inhaled medication for less than one month or with a limited ability to understand and speak Dutch were excluded. The remainder, a total of 152 individuals, formed the sample from whom the results were obtained. The inhalers investigated were MDIs and three dry powder devices (Turbohaler (Turbuhaler), Diskhaler, and Rotahaler). Other inhalers (for example, Autohaler, Spinhaler) and large volume spacers are seldom used in our department and therefore were not included in the study. The total score for each inhaler was calculated by dividing the number of items correctly completed by the total number of items The Diskhaler achieved the best unadjusted mean checklist score compared with the other inhalers (all p<005). After adjustment for educational achievement, type of health insurance, duration ofdisease, years of experience with the inhaler, and previous instruction in inhalation technique there were some changes in the scores (tables 3 and 4), but the Diskhaler was still significantly better than the MDI (13 1%; 95% confidence interval (CI) 1-6% to 24 6%) and the Turbohaler (102%; 95% CI 03% to 20 2%), although its superiority over the Rotahaler was reduced to 3A4% (95% CI -7-1% to 14-0%).
Patients who had received previous instructions in inhalation technique had a 9% higher score than those who had not (linear regression analysis, p<005 for the regression coefficient). Similarly, patients with a private health care insurance showed a higher ability to use an inhaler effectively than those with public health care insurance (+ 10%, p<0Q05).
ANALYSIS 2: ESSENTIAL CHECKLIST ITEMS ONLY
Scores based on essential checklist items are reproduced in tables 3 and 4. Taking the unadjusted figures first, the mean percentage of manoeuvres performed correctly was 83-2%, and again there were significant differences between the inhalers. As before, the Diskhaler gave the best results (all p<0 005) and the MDI the poorest (all p<0Q001). There was no significant difference between the Rotahaler and Turbohaler. Adjusting for patient characteristics altered the results. Although the Diskhaler was still significantly better than the MDI (34-8%; 95% CI 22-0% to 47-6%), its superiority over both the Turbohaler (8-2%; 95% CI -2.9% to 19-3%) and the Rotahaler (8-3%; 95% CI -3*5% to 20.0%) was less marked.
For essential checklist items only the variables "previous instruction in inhalation technique" and "type of health care insurance" had no influence on the regression coefficients, but there was a tendency among patients who had been using their inhaler for more than four years to perform worse than those who had been using their inhaler for a shorter period (-7%, linear regression analysis, NS).
ANALYSIS 3: ALL ESSENTIAL CHECKLIST ITEMS CORRECT
Only 91 patients (59 9%) performed all key items correctly (figure). The percentage of those who did so with an MDI (24%) was significantly lower than for those using the other three inhalers (all p<0'005). Once When one or more errors regarding these key actions are made, significant amounts of medication may fail to reach the lungs.
In the present study the inhalation technique was evaluated subjectively by a trained lung function technician using an inhaler-specific checklist. Appel" has shown that a trained observer can achieve a 98% success rate in predicting a significant bronchodilator response from the subject's inhalation technique.
The performance of the inhalers differed considerably. Of those using the Diskhaler, 96% were able to perform all essential manoeuvres correctly while only 24% ofthose using the MDI managed to do so. Hilton reported an even worse performance for the MDI.9 In his study the best performer was the Turbohaler, while in ours it was the Diskhaler. Hilton questioned the validity of his results, partly because of inequalities in the age distribution of his sample, and partly because of a suspicion that his scoring system may have favoured the Turbohaler.
The Netherlands differs from most other countries in that dry power inhalers are the most frequently prescribed form ofinhaler therapy and there is no evidence that physicians prescribe specific inhalers based on patient characteristics making selection bias unlikely.
Our study examined whether patient variables could explain differences in checklist scores. Adjustment 
